A RP-HPLC-UV method was developed and validated for simultaneous determination of florfenicol and diclazuril in compound powder. The separation involved using a SinoChoom ODS-BP C 18 (5 m, 4.6 mm × 250 mm) analytical column. The mobile phase was a mixture of acetonitrile-0.2% phosphoric acid (pH was adjusted to 3.0 with triethylamine). The ratio of acetonitrile and 0.2% phosphoric acid in the mobile phase was 60 : 40 (v/v) from 0 minutes to 6 minutes and 70 : 30 (v/v) from 6.1 minutes to 15 minutes. The flow rate was 1 mL/min. The temperature of the analytical column was maintained at 30 ∘ C. The detection was monitored at 225 nm and 277 nm for florfenicol and diclazuril, respectively. The excipients in the compound powder did not interfere with the drug peaks. The calibration curves of florfenicol and diclazuril were fairly linear over the concentration ranges between 50.0-500.0 g/mL ( = 0.9995) and 10.0-100.0 g/mL ( = 0.9992), respectively. The RSD of both the intraday and interday variations was below 2.1% for florfenicol and diclazuril. The method was successfully validated according to International Conference on Harmonisation and proved to be suitable for the simultaneous determination of florfenicol and diclazuril in compound powder.
Introduction
Diclazuril chemically, 2-(4-Chlorophenyl)-2-[2, 6-dichloro-4-(3, 5-dioxo-1, 2, 4-triazin-2-yl) phenyl] acetonitrile, is a broad-spectrum anticoccidial and antiprotozoal agent. It is widely used in chickens, turkeys, pigs, and cattle for prevention and treatment of coccidiosis [1, 2] .
Florfenicol is a member of chloramphenicol and thiamphenicol family. The chemical name is 2, 2-dichloro-N-[(1R, 2S)-3-fluoro-1-hydroxy-1-(4-methanesulfonylphenyl)
propan-2-yl] acetamide. Florfenicol was widely used clinically now for the treatment of intestinal infections, respiratory tract infections, typhoid, and so on. Compared to thiamphenicol, florfenicol shows significant superiority in antibacterial spectrum, antibacterial activity, and considerably lower side effect; its antibacterial potency is 10 times higher than that of thiamphenicol [3] [4] [5] [6] [7] [8] .
However, due to the relatively poor water-soluble and low dissolution in gastric fluids of florfenicol and diclazuril, the two drugs show variation in bioavailability. Many researchers have made efforts to enhance the solubility of florfenicol and diclazuril by using organic solvents, solubilizer, or hydrotropy agent. Our previous studies have successfully prepared the solid dispersions of florfenicol and diclazuril with PEG6000 as carriers. It is possible to prepare the compound soluble powder with the two solid dispersions. The compound powder can play synergy roles for effective treatment of coccidiosis and prevention of the intestinal infections [9] [10] [11] .
HPLC methods have been widely used to determine florfenicol and diclazuril in samples at present [12] [13] [14] [15] [16] [17] . To our knowledge, no HPLC methods have been developed in the literature for determination of florfenicol and diclazuril in compound powder simultaneously. The literature was mainly focused on determination of the content of florfenicol and diclazuril one by one.
The main aim of this study is to develop and validate a sensitive, accurate, simple, and reproducible RP-HPLC method according to International Conference on Harmonisation (ICH) to determine florfenicol and diclazuril simultaneously when combined in compound powder with the advantages of shorter retention time and run time [18] . 
Experimental

Reagents and Chemicals.
Florfenicol and diclazuril were received as gifts from Zhengzhou Zhongzhou pharmaceutical Co., Ltd (Zhengzhou, China), and the two standards were of over 99.5% purity (Figure 1 ). HPLC grade acetonitrile and other analytical grade chemicals were purchased from Xinshiji Chemicals Co., Ltd (Xinxiang, China). The deionized water in the study was purified with Smart2 Pure 12 UV/UF purification system (Thermo Fisher Scientific, USA).
Preparation of Florfenicol/Diclazuril
Compound Powder. Florfenicol and diclazuril solid dispersions were prepared according to the method described by Dirikolu et al. and Norambuena et al. with PEG6000 as carriers [13] [14] [15] . After drug content test, equivalent 5 g florfenicol and 0.5 g diclazuril were transferred to a mechanical blender, followed by mixing at least 10 minutes. Appropriate amount of soluble starch and glucose was added to the mixture and homogenized thoroughly for 20 minutes. The preparation was formulated to contain 5 g florfenicol and 0.5 g diclazuril in each 100 g compound powder and stored in the refrigerator at 4 ∘ C for further use.
Preparation of Standard Stock Solutions and Working
Solutions. Stock standard solutions were prepared separately with acetonitrile to give a final concentration of 1.0 mg/mL for florfenicol and 100.0 g/mL for diclazuril. The combined standard solutions were prepared with the above two solutions. Intermediate and working solutions were prepared by diluting the two stock solutions with the mobile phase. Calibration standard solutions were prepared in the concentration range from 50.0 to 500.0 g/mL for florfenicol and from 10.0 to 100.0 g/mL for diclazuril and injected into the system in triplicate. The chromatogram peak area of each drug concentration was calculated. The regression of the drug concentration versus the peak area was obtained.
Liquid Chromatographic Conditions.
The liquid chromatographic analyses were performed using a Shimadzu system that was comprised of LC-20AT pumps and SPD 20A UV-visible absorbance detector connected to Shimadzu Spin Chrome software. Chromatographic separation was achieved on a reversed-phase ODS-BP C 18 column (5 m, 4.6 mm × 250 mm); an injection volume of 20 L was optimized in the method via a Rheodyne syringe. The mobile phase under gradient mode was a mixture of acetonitrile-0.2% phosphoric acid (pH was adjusted to 3.0 with triethylamine). The ratio of acetonitrile and 0.2% phosphoric acid in the mobile phase was 60 : 40 (v/v) from 0 minutes to 6 minutes and 70 : 30 (v/v) from 6.1 minutes to 15 minutes. The mobile phase was degassed by an ultrasonic bath and filtered through a 0.45 m membrane filter under vacuum. The eluents were detected at 225 nm from 0 minutes to 6.0 minutes and 277 nm from 6.1 minutes to 15.0 minutes. The flow rate was 1.0 mL/min. All determinations were performed at 30 ∘ C.
Quantification of Florfenicol and Diclazuril in Compound
Powder. 1.0 g compound powder was accurately weighted and transferred into a 50 mL volumetric flask. The powder was dissolved and made up to volume with mobile phase. 5 mL solution was withdrawn and transferred into another 25 mL volumetric flask. The concentrations of the solution were 200.0 g/mL and 20.0 g/mL for florfenicol and diclazuril, respectively. A 20 L aliquot of the sample solution was injected into the chromatographic system three times under optimized chromatographic conditions. The peak area was measured at 225 nm from 0 minutes to 6.0 minutes and at 277 nm from 6.1 minutes to 15.0 minutes for florfenicol and diclazuril, respectively. Drug concentrations of the samples were determined by interpolation from calibration plots of each drug previously obtained.
Method Validation.
The proposed method was validated in terms of parameters of specificity, linearity, sensitivity, accuracy, precision, and reproducibility according to ICH. The specificity of the method was demonstrated by comparing chromatograms of compound powder sample (florfenicol 200.0 g/mL and diclazuril 20.0 g/mL) and blank excipients sample without florfenicol and diclazuril. All the samples were analyzed and recorded to ensure the absence of interfering peaks.
The linearity of the method was evaluated with florfenicol and diclazuril working solutions at eight different concentrations. The concentration was 50.0-500.0 g/mL for florfenicol and 10.0-100.0 g/mL for diclazuril, respectively. All the samples prepared for linearity were injected into chromatographic system ( = 3). The responses were measured as peak area.
The sensitivity of the method was tested with limit of detection (LOD) and limit of quantification (LOQ). The LOD and LOQ were expressed as the analytes concentration which generates a signal corresponding to three and ten standard deviations, respectively, above the mean blank signal.
The accuracy of the method was assessed by comparing the percent analytes recovered by the proposed method at three concentration levels (florfenicol 160.0, 200.0, and 240.0 g/mL and diclazuril 16.0, 20.0, and 24.0 g/mL).
The precision of the method was checked by repeatability of injection, repeatability (intraday), intermediate precision (interday), and reproducibility. Injection repeatability was studied by calculating percent relative standard deviation (% RSD) for ten determinations of peak area of florfenicol (200.0 g/mL) and diclazuril (20.0 g/mL) performed on the same day. The same solutions were injected in triplicate for both intraday and interday variations.
Results
Method Validation.
The specificity was evaluated by analyzing the chromatograms of blank excipients sample and compound powder sample (florfenicol 200.0 g/mL and diclazuril 20.0 g/mL). From the UV-visible spectra, florfenicol had maximum absorption at 225 nm and diclazuril had maximum absorption at 277 nm. Thus, 225 nm and 277 nm were selected as detection wavelengths. The typical HPLC chromatograms under optimum conditions were shown in Figure 2 . The retention times of florfenicol and diclazuril at a flow rate of 1.0 mL/min were 4.10 min and 12.20 min, respectively. Analyte peaks were well resolved and free from tailing (<1.5 for both analytes). The excipients in the compound powder did not interfere with the detection of florfenicol and diclazuril.
The calibration curves obtained by plotting peak area against concentration were linear over the concentration range of 50.0-500.0 g/mL for florfenicol and 10.0-100.0 g/mL for diclazuril at eight different concentrations, respectively. The correlation coefficient values were over 0.9990. Typical regression equations were calculated as follows: = 44.831 + 163.73 for florfenicol and = 37.01 + 25.807 for diclazuril, where is peak area based on three parallel measurements and is the concentration ( g/mL) of florfenicol or diclazuril standard solution. The correlation coefficients indicate a good linear relationship between peak area and concentration over a wide range.
Under the developed HPLC conditions, the LOD for florfenicol or diclazuril was 2.5 and 1.5 g/mL, respectively, which is the concentration that yields an S/N of 3, while LOQ was 5.0 and 2.5 g/mL, respectively [19] .
Mean recovery for florfenicol or diclazuril was 99.76 ± 0.38% and 100.24 ± 0.56%, respectively. The intra-and interday RSD values were lower than 2.1%. The low values of RSD revealed satisfactory precision and accuracy of this present method. Reproducibility was checked by having samples analyzed by another analyst using the same instrument and the same laboratory. There was no significant difference 4 Journal of Chemistry between the RSD values indicating the proposed method was reproducible.
Content of Florfenicol or Diclazuril in Compound Powder.
The proposed method was applied to simultaneously determine the florfenicol and diclazuril in compound powder. The results of the assay yielded 98.49 ± 0.33% for florfenicol and 101.46 ± 0.58% for diclazuril indicating that the method was selective and accurate for the simultaneous determination of florfenicol and diclazuril without interference from the excipients in the compound powder dosage form.
Discussion
This study was essentially focused on the simultaneous determination of coformulated florfenicol or diclazuril in compound powder. The solid dispersions of florfenicol and diclazuril have first been prepared with PEG6000 as carriers, and then the soluble powder was made with the two solid dispersions, soluble starch, and glucose. The soluble starch and glucose are not only used as excipients in pharmaceutical preparations, but they also provide the animals with nutrition and energy. Further study will be published in another research paper later.
Florfenicol and diclazuril solid dispersions were soluble in organic solvents including methanol and acetonitrile [20, 21] . The use of mobile phase as reagent provided minimal impurities and better separation.
Chromatographic conditions were studied in order to achieve the best separation and retention for the analytes, minimizing analysis time.
Several mobile phase systems including methanol, acetonitrile, and phosphoric acid solutions of different proportions have been tested in this study. A mixture of acetonitrile-0.2% phosphoric acid (pH was adjusted to 3.0 with triethylamine) with the ratio ranged from 60 : 40 (v/v) to 70 : 30 (v/v) was selected as the optimum mobile phase for baseline separation, symmetrical peak, and shorter retention time. Triethylamine was used to adjust the pH for better separation and decrease the peak tailing of compounds in the proposed method. Diclazuril could not be detected with the UV detector if the ration of acetonitrile in the mobile phase was too low.
The UV detector was set at 225 nm for florfenicol and at 277 nm for diclazuril. Under these conditions, elution of analytes was completed in less than 13.0 min. Retention times of florfenicol and diclazuril were 4.10 min and 12.20 min, respectively. The chromatograms were evaluated on the basis of peak areas of the two analytes.
The method was validated according to ICH guidelines with the parameters of specificity, linearity, sensitivity, accuracy, precision, and reproducibility. The resolved analytes peaks without tailing between florfenicol and diclazuril showed the efficiency of the method to identify and determine each analyte at the same time with no interference. The accuracy, sensitivity, precision, and reproducibility data show that the method is accurate within the desired ranges.
The RP-HPLC method coupled with UV detector has been successfully developed. The method is very suitable for the application in a large scale because the involved instrument is very cheap and popular in any analysis laboratory.
Conclusion
In summary, a sensitive, simple, and selective RP-HPLC method has been developed and validated for the simultaneous determination of florfenicol and diclazuril in compound powder following the ICH guidelines. This is the first report on the simultaneous quantitation of this drug combination with high clinical relevance. The method will be helpful for simultaneous determination of florfenicol and diclazuril in compound powder and can be reliably used by almost every drug analysis laboratory.
